INTRODUCTION
============

Drug-eluting stents (DES) substantially reduce the risk of restenosis and target lesion revascularization (TLR) compared with bare metal stents (BMS), particularly in complex coronary disease ([@B1]). Long lesions account for approximately 10% of contemporary percutaneous coronary intervention (PCI) cases, and present specific challenges for stenting with DES. Data from randomized controlled trials and large observational registries highlight the increased risk of restenosis with longer lesions, and demonstrate a significant reduction in restenosis and target vessel revascularization (TVR) rates with DES use ([@B2]-[@B5]). As a result, use of DES in diffuse long lesions has become standard clinical practice, supported by international guidelines ([@B6]-[@B9]). Multiple overlapping stents are often unavoidable to treat long diffuse lesions owing to excessive lesion length, edge dissection, or incomplete stent coverage. At the present time there is limited information about the safety and efficacy of overlapping DES in treating acute myocardial infarction (AMI) patients with severe diffuse coronary lesions. Experimental studies raised concerns regarding the safety and efficacy of overlapping DES because of the increased density of polymer, drug, and stent material ([@B10], [@B11]). To further pursue this interesting subject we conducted this retrospective study to examine the clinical outcomes of overlapping DESs and compared 4 most commonly used types of homogenous DES - Paclitaxel-eluting stents (PES), Sirolimus-eluting stents (SES), Zotarolimus-eluting stents (ZES) and Everolimus-eluting stents (EES).

MATERIALS AND METHODS
=====================

This is a clinical analysis that was carried out in The Heart Center of Chonnam National University Hospital, Gwangju, Korea.

Ethics statement
----------------

The permission to carry out the study was obtained from the hospital authorities (Institutional Review Board number 05-49, I-2008-01-009) and written informed consent was taken from all patients.

Korea Acute Myocardial Infarction Registry
------------------------------------------

The Korea Acute Myocardial Infarction Registry (KAMIR) is a prospective, multicenter, observational registry designed to examine current epidemiology in hospital management and outcome of patients with AMI in Korea in commemoration of the 50th anniversary of the Korean Circulation Society. The registry included 52 community and university hospitals for primary PCI with 1-yr clinical follow up. Data was collected at each site by a well-trained study coordinator based on standardized protocol ([@B12], [@B13]).

Study population
----------------

Patients were enrolled in the registry after admission to participating hospitals with a suspected diagnosis of AMI. Patients\' medical documents were used to note the demographic data, clinical characteristics and relevant laboratory results.

A total number of 14,329 patients with AMI (ST-segment elevation MI and non-ST segment elevation MI) undergoing PCI from April 2006 through September 2010 were assessed in this study. We selected 1,349 consecutive patients who received homogenous overlapping stents in diffuse de novo coronary lesions and studied their 12-month clinical outcomes (follow-up rate 76.6%). Patients who received BMSs or 2 different types of overlapping DESs were excluded from this study. We divided these patients into 4 groups based on the type of homogenous DESs implanted-Paclitaxel-eluting stents, PES group (Taxus, Boston Scientific Corporation, Natick, MA, USA), n = 247; Sirolimus-eluting stents, SES (Cypher, Cordis Corporation, Miami Lakes, FL, USA), n = 280; Zotarolimus-eluting stents, ZES (Endeavor, Medtronic Vascular, Santa Rosa, CA, USA), n = 412 and Everolimus-eluting stents, EES (Xience V/Promus Element), n = 410. The number of stents implanted, the type of DES used, and the degree of stent overlap were at the operator\'s discretion.

Study definitions and clinical endpoints
----------------------------------------

A final diagnosis of AMI was made according to the European Society of Cardiology/American College of Cardiology diagnostic criteria of AMI ([@B14]). Hypertension was defined as systolic blood pressure \> 140 mmHg and/or diastolic blood pressure \> 90 mmHg at rest, at repeated measurements or treatment with anti-hypertensive medications. Diabetes mellitus (DM) was defined as use of oral hypoglycaemic agent or insulin to lower blood glucose levels. Hyperlipidemia was defined as a total cholesterol level \> 200 mg/dL or treatment with a lipid-lowering agent. CAD was defined as history of MI, revascularization procedure or obstructive CAD.

Peripheral blood samples were obtained using direct venipuncture. Blood samples were centrifuged and serum was removed and stored at a temperature of -70℃ until the assay could be performed for proteins and sugar. Absolute creatine kinase-MB levels were determined by radioimmunoassay (Dade Behring, Inc., Miami, FL, USA). Cardiac specific troponin I levels were measured by a paramagnetic particle, chemiluminescent immunoenzymatic assay (Beckham, Coulter, Inc. Fullerton, CA, USA). Twelve-hour fasting serum levels of total cholesterol, triglyceride, and low- and high-density lipoprotein cholesterol were measured by standard enzymatic methods. Blood samples for high-sensitivity C-reactive protein (hsCRP) were obtained on admission and analyzed turbidimetrically with sheep antibodies against human CRP; this has been validated against the Dade Behring method.

Two-dimensional echocardiography was performed in all patients and left ventricular ejection fraction (LVEF) was assessed using modified Simpson\'s biplanar method. The morphology in coronary angiography was classified according to the criteria of American College of Cardiology/American Heart Association (ACC/AHA) ([@B15]). Degree of coronary flow was classified by Thrombolysis In Myocardial Infarction (TIMI) score ([@B16]). Presence of left main coronary artery stenosis was defined as a luminal stenosis ≥ 50%. Multivessel disease was defined as the presence of a lesion with \> 50% diameter stenosis in a non-infarct related coronary artery. Successful PCI was defined as TIMI flow 3 with residual stenosis ≤ 50% in the infarct related artery. In-hospital complications included any of atrio-ventricular block, bradycardia, ventricular tachycardia/ventricular fibrillation, atrial fibrillation, cardiogenic shock, no re-flow, dissection, acute renal failure, metabolic acidosis/lactic acidosis, cerebrovascular event, or infection/sepsis. All patients were administered loading doses of aspirin 325 mg and clopidogrel 300-600 mg before PCI. Anticoagulation during PCI was performed according to the routine practices of each hospital. After the procedure, aspirin 100-200 mg (1 time per day) was prescribed indefinitely. Clopidogrel was prescribed continuously for 1 yr.

The primary endpoint was major adverse cardiac events (MACE) which included all-cause death, non-fatal myocardial infarction (MI), TLR and TVR during 12-month follow-up. Non-fatal MI was defined as the presence of clinical symptoms, electrocardiographic change, or abnormal imaging findings of MI combined with an increase in creatine kinase - MB fraction or troponin T/I more than the 99th percentile of the upper normal limit that was not related to an interventional procedure. TVR was defined as clinically driven repeat revascularization of a lesion in the same epicardial vessel treated in the index procedure at 12 month follow-up. TLR was defined as any revascularization of the target lesion due to restenosis or re-occlusion within 5 mm proximal/distal to the stent. All data were recorded on a standardized, electronic, web based registry at <http://www.kamir.or.kr>.

Statistical analysis
--------------------

SPSS 17.0 for Windows (SPSS, Inc., Chicago, IL, USA) was used for all analysis. Continuous variables were presented as mean ± SD; comparisons were conducted by one-way ANOVA. Discrete variables were presented as percentages and frequencies; comparisons were conducted by chi-square statistics or Fischer\'s exact test. A *P* value \< 0.05 was considered statistically significant. Cox proportional hazard analysis was performed in a stepwise manner to identify a model with independent predictive factors with determination of a hazard ratio and its 95% confidence interval (CI) for each variable in the model. Survival time of each patient to perform Cox analysis was calculated from date of admission/first presentation to the emergency room to the date of follow-up. A cut off *P* value \< 0.20 were selected for entry into the model. The results are presented as adjusted hazard ratios (HR) with 95% confidence intervals and *P* values.

RESULTS
=======

A total number of 1,349 consecutive patients with AMI undergoing PCI who received 2 or more homogenous overlapping DES in diffuse coronary lesions were included in the present study. These patients were divided into 4 groups based on the type of DESs implanted that is PES group, n = 247; SES group, n = 280; ZES group, n = 412 and EES group, n = 410. Mean age was 62.1 ± 14.9 yr and 69.4% were men. Mean stent length (including both stents) was 26.2 ± 7.5 mm and mean stent diameter was 3.1 ± 0.4 mm. Average number of stents used per vessel was 2.2 ± 0.5. Baseline clinical characteristics and concomitant medications of the 4 groups are presented in [Table 1](#T1){ref-type="table"}. Previous history of CAD was highest in PES group, followed by ZES, SES and lowest in EES group (*P* = 0.002). Clinical presentation with ST-segment elevation MI was found to be highest in ZES, followed by SES, EES and PES (*P* = 0.024). Use of beta blocker was highest in EES (*P*=0.019) and nicorandil in ZES (*P*=0.033) group. Use of statin was found to be highest in PES group, followed by ZES, EES and SES groups (*P*=0.021).

Laboratory findings of the 4 groups are presented in [Table 2](#T2){ref-type="table"}. Triglyceride showed an increasing trend from PES to SES to ZES to EES (*P*=0.024). Serum level of hsCRP was highest in ZES and lowest in SES group (*P*=0.046). CK-MB and troponin-I were highest in ZES group and lowest in PES group (*P*=0.002 and *P*=0.032, respectively).

Coronary angiographic and procedural characteristics of 4 groups are presented in [Table 3](#T3){ref-type="table"}. Multivessel involvement was highest in EES group, followed by SES, PES and ZES (*P*=0.019). Right coronary involvement was highest in PES, then ZES, EES and SES (*P*=0.001). Percent diameter stenosis before PCI was highest in EES, followed by SES, ZES and PES (*P*=0.015). Mean stent length decreased from PES to EES groups (*P*\<0.001). Mean stent diameter was found to be least in SES group and almost similar in other groups (*P*=0.004). Other angiographic characteristics did not show statistically meaningful differences among the groups.

The rate of follow-up at 12 months was 76.6% (n=1,034). Twelve-month clinical outcomes are presented in [Table 4](#T4){ref-type="table"}. The incidence of MACE decreased from PES, SES, ZES to EES groups (9.5% vs 9.2% vs 7.5% vs 3.8%, *P*=0.013). Non-fatal MI was highest in PES group, almost similar in SES and EES groups with no incidence in ZES group (*P*=0.044). The occurrence of 12-month cardiac death was highest in ZES, followed by PES and EES with no incidence in SES group (*P*=0.149). Incidence of 12-month all-cause death and TVR were not statistically significant among the 4 groups. Repeat revascularization rate was found to be lowest in EES among 4 groups (*P*=0.01). There was no significant difference in non-cardiac death and stent thrombosis among the 4 groups (*P*=0.062 and *P*=0.10 respectively). Two acute events of stent thrombosis (1 in PES and 1 in ZES groups), 5 subacute stent thrombosis (3 in PES, 1 in SES and 1 in ZES groups), 3 late stent thrombosis (2 in SES and 1 in ZES groups) and 2 very late stent thrombosis (1 in PES and 1 in SES groups) occurred during the hospital stay. The average rate of PCI success was 97.9% (*P*=0.453).

Cox proportional hazard analysis revealed no statistical differences in the incidence of MACE when adjusted for age and gender (*P*=0.826), and also when adjusted for multiple covariates (*P*=0.175) ([Fig. 1](#F1){ref-type="fig"}). [Table 5](#T5){ref-type="table"} shows details of multivariate analysis. ACC/AHA lesion type C (HR 0.431, CI 0.196 to 0.947, *P*=0.036) was found to be the only independent factor of the primary end point in this study. Covariates included in the model were age, gender, diameter stenosis before PCI, stent length and stent diameter, multivessel involvement, ACC/AHA lesion type C, pre-TIMI flow grade 0, clinical presentation ST-segment elevation MI, previous history of coronary artery disease (CAD), and statin use.

In this study, EES showed a lower incidence of MACE at 12-months compared to other 3 types of DESs in uni-variate analysis as shown in [Table 4](#T4){ref-type="table"}. Conversely, in multivariate analysis after adjustment for multiple confounders the same difference does not reach statistical significance ([Fig. 1](#F1){ref-type="fig"}). This could be due to the limited power of multivariate analysis with 4 sub-groups. The results on MACE are hypothesis-generating and warrant further long-term randomized evaluation.

DISCUSSION
==========

The present study demonstrates no significant differences in safety and efficacy among 4 homogenous overlapping DESs in diffuse de novo coronary lesions in patients with AMI. Overlapping EES was found to have the lowest MACE rate and TLR-driven repeat revascularization rate with no reported events of stent thrombosis over the course of 12-month follow-up period in this cohort.

The development of DES, releasing anti-proliferative drugs into the vessel wall to inhibit neointimal hyperplasia, has revolutionized PCI dramatically reducing the incidence of ISR and TLR and permitting the treatment of more complex and extensive CAD, including diffuse or long lesions ([@B17]). The unique advantage of DES is that they allow higher local drug concentrations at lesion sites while avoiding systemic toxicity. DES showed signs of delayed arterial healing, more pronounced at the overlapping sites with increased inflammation and fibrin deposition. This leads to potential local toxicity caused by increased amounts of polymer and drug released at the overlapping stent site ([@B10]). The importance of a significant delay in endothelialization at sites of overlapping DES is underscored by the recent report of McFadden et al. involving 4 cases of human coronary thrombosis occurring \>11 months after deployment of a single polymer-based PES or SES leading to more prolonged use of anti-platelet therapy ([@B18]). Lim et al.([@B19]) studied porcine model and found that DESs inhibit neointimal hyperplasia, but inflammation and poor endothelization occur at the site of overlapping stents. Moreover, Munoz et al. found no significant quantitative changes in intravascular ultrasound measurements within overlapped segment ([@B20]).

More than 60% of DESs are used in the treatment of complex coronary lesions and 10% of them are overlapping ([@B21], [@B22]). However, there are sparse data available comparing 2 overlapping DESs, mainly PES and SES, with respect to important clinical outcomes such as death, MI, ST, TVR or TLR. This is the first clinical study comparing 4 types of overlapping homogenous DESs for diffuse long lesions in an established large interventional registry of AMI patients with prospective follow-up.

The impact of overlap of DES on clinical and angiographic outcomes is not well established. The Prospective, Randomized MultiCenter Comparison of the Cypher Sirolimus-Eluting and the Taxus Paclitaxel-Eluting Stent System (REALITY) Study ([@B23]), a 1,353-patient trial, demonstrated that binary restenosis rate, death, MI, TLR and TVR were similar between SES and PES systems; whereas Sirolimus-eluting and Paclitaxel-eluting Stents for Coronary Revascularization (SIRTAX) Study ([@B24]), a 1,012-patient trial, showed a favorable result in the SES arm in terms of TLR, late lumen loss, and binary restenosis.

In a 3-yr follow-up of SIRTAX trial, Raber et al.([@B22]) demonstrated that patients with DES overlap are at greater risk of experiencing MACEs, particularly in needs of repeat revascularization and ischemic adverse events. Kastrati et al.([@B25]) in a meta-analysis of 6 randomized trials compared clinical and angiographic outcomes of SES and PES. In this study subjects who received SES had a significantly lower risk of TVR and restenosis compared to PES. Shishehbor et al.([@B26]) reported that overlapping SES are comparable with PES for early and late composite end points of death, ST, MI, and TLR; however those that received overlapping SES had a trend towards lower TLR. Degertekin et al.([@B27]) demonstrated that overlapping SES implantation is safe and effective for very long coronary lesions. In their study, they used ≥2 overlapping stents at a minimum length of 41 mm to treat native coronary lesion. Their TLR, TVR, and MACE rates were compatible with our findings.

Kandzari et al.([@B28]) in a prospective randomized trial studied comparison of the clinical efficacy, safety and angiographic outcomes among patients treated with ZES and SES, treatment with ZES was associated with increased neointimal hyperplasia resulting in greater angiographic late lumen loss. Patients treated with EES rather than PES experienced significantly improved event-free survival at a 2-yr follow-up in the SPIRIT III trial.([@B29]) Serruys et al.([@B30]) found ZES to be non-inferior to EES at 13-months follow-up. There is no data on safety of overlapping ZES and EES with regard to clinical outcomes. In our study cohort, EES appears to be relatively safe among overlapping DESs with lowest MACE and TLR-driven repeat revascularization rates, and no incidence of stent thrombosis. The higher rate of cardiac death in ZES group on univariate analysis could be attributable to high rates of several known predictors of mortality: higher prevalence of old age and ST-elevation myocardial infarction. They also had higher serum levels of baseline hs-CRP, CK-MB and troponin I, which indicates that the area of infarction was broader in the ZES group.

The risk of compromising the flow in the side branches originating from the main coronaries could have resulted in statistically significant non-fatal myocardial infarction. The patients in our study group received dual anti-platelet therapy (87.9%) for 1 yr after DES implantation according to ACC/AHA/Society for Cardiovascular Angiography and Interventions guidelines for PCI ([@B7]) which may have remarkably reduced the rate of stent thrombosis. Lowest MACE rate in EES group could be attributable to longer duration of dual antiplatelet therapy, better stent technique with different delivery system and different polymer. Moreover, the mean length of stents used was smallest in the EES group with highest percentage of pre-procedure diameter stenosis.

The present study is limited due to its retrospective and non-randomized nature, even though it was partially compensated for by adjustment in multivariable analysis. Our patients were analyzed in the short-term (12 months), and the follow-up rate was relatively low (76.6%). However, the number of follow-up patients at 12-months was substantial in this cohort of patients (n=1,033). This study lacks systemic angiographic follow-up data and possible complications (restenosis or aneurysm) at the site of overlapping could not be ascertained due to registry limitation. There could be bias due to rapid evolution in DES strategies considering the duration of 4 yr for patient enrollment (SES might be used frequently in the early days of this study, whereas EES might be so in the late phase) and its pharmaco-therapeutic management in the recent years. The reason for using overlapping DES is based on the operator\'s discretion which is prone to bias. Nevertheless, inclusion of relatively large number of patients and comparison of 4 most commonly used overlapping DES with appropriate method of statistical analysis is the strength of this study.

In conclusion this study demonstrates that any of the 4 types of overlapping homogenous DES (PES, SES, ZES, or EES) is acceptable to treat AMI patients and there are no significant differences in their 12-month MACEs. Overlapping EES was found to have the lowest MACE rate and TLR-driven repeat revascularization rate with no reported events of stent thrombosis over the course of 12-month follow-up period. This is an important study comparing overlapping DESs where incidence of overall MACE, including TLR and TVR was quite low. We suggest further long-term randomized evaluation to establish the safety of our study findings.
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Baseline clinical characteristics and concomitant medications
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Data are expressed as mean ± SD or as number (percentage). ACE, Angiotensin-converting enzyme.

###### 

Laboratory characteristics
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Data are expressed as mean±SD. CK, Creatine kinase-MB; HbA1c, Hemoglobin A1c; HDL-C, High Density Lipoprotein Cholesterol; hsCRP, High-sensitivity C-Reactive Protein; LDL-C, Low Density Lipoprotein Cholesterol; NTpro BNP, N-Terminal pro-Brain Natrieuretic Peptide.
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Coronary angiographic and procedural characteristics
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Data are expressed as mean±SD or as number (percentage). ACC/AHA, American College of Cardiology/American Heart Association; PCI, percutaneous coronary intervention; TIMI, Thrombolysis In Myocardial Infarction.
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Twelve-month clinical outcomes
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Data are expressed as number (percentage). MACE, Major adverse cardiac events; MI, Myocardial Infarction; TVR, Target vessel revascularization; TLR, Target lesion revascularization.
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Cox regression analysis
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ACC/AHA, American College of Cardiology/American Heart Association; CAD, Coronary artery disease; STEMI, ST-segment elevation myocardial infarction; PCI, Percutaneous coronary intervention; TIMI, Thrombolysis In Myocardial Infarction.
